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ABSTRACT

Background: The available olfactory evaluation tests are mainly subjective methods requiring patients’ collaboration. If, for any reason, the patients refuse
to honestly report what they perceive, the test reliability will be questionable; this condition is potentially observable in malingering patients because of their
financial or psychosocial incentives. In an olfactory discrimination test context, this study was aimed to design a test capable of distinguishing malingerer from

actually anosmic or severely hyposmic patients.

Methods: The pilot experiment of our methodology study determined five substances (coffee, lemon, rosewater, thyme, and garlic) as qualified odors of a
20-item odor discrimination test and set its normal reference value at 15. Through two simulations, 70 normosmic participants emulated actual anosmia and
also malingering. The outcome results were used to measure test reliability factors.

Results: During the malingering simulation, only seven participants were capable of keeping their scores at the test chance level with enough randomness
in their sequences of answers while the actual anosmia simulation revealed that 39 had scores at the test chance level. Accordingly, the Tehran University Odor
Discrimination Test (TUODT) was measured to have 90% sensitivity, 55.71% specificity, 67.02% positive predictive value, and 84.78%negative predictive

value.

Conclusion: The TUODT is a relatively efficient method to identify anosmia malingerers.

he conventional olfactory evaluation tests are mainly subjective
methods assessing olfactory threshold, odor identification,
smell memory, and odor discrimination. All of these tests need pa-
tient’s collaboration because it is the patient who has to perceive,
nominate, recall, and distinguish between the presented odors.! Ac-
cordingly, the reliability of these tests is directly dependent on the
patient’s tendency to honestly report his/her perceptions during the
test or to intentionally skew the results. Especially in cases involving
litigation, patients with acquired olfactory impairments are prone to
feign anosmia because if they validate their anosmic condition due to
iatrogenic interventions, head traumas, or occupational exposures, a
huge payment of disability compensation in response to insurance
commitments or court’s decision would be guaranteed.

In the context of subjective studies, olfactory irritant odors,>> malin-
gerers’ personal characteristics,*and test response characteristics>>%are
used to distinguish malingerers from actually anosmic patients. Opti-
mally, we could precisely evaluate one’s olfactory function and localize
the possible lesion if we had meticulous objective methods such as what
we have for audition (auditory brainstem response) or vision (visual
evoked potentials). In this category, trials have electrically or chemically
stimulated the olfactory neural system’“with the capability of detecting
corresponding brain-evoked potentials, but, to date, none have been
qualified for clinical use.

Therefore, the current evaluation methods are incapable of deter-
mining patients’ honesty in their responses unless we use them as
psychophysical tests. To design a test that is subjectively capable of
distinguishing malingerers from actual anosmic patients, we con-
ducted a methodology study based on the odor discrimination disci-
pline and in a simulation setting we studied the possible reactions of
malingerers and anosmic patients. The outcome results were used as
test reliability factors in measuring test sensitivity, specificity, and
also positive and negative predictive values.
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SUBJECTS AND METHODS

This study was aimed to design a test capable of distinguishing
between actually anosmic patients and malingerers; therefore, we
conducted a methodology study at a tertiary health care center (Imam
Khomeini Hospital, an affiliate of Tehran University of Medical Sci-
ences) through the years 2010 to 2011. The study had two distinct
phases: a pilot experimentation and an odor discrimination test and
simulation series.

The Pilot Experiment and Calibration

The pilot experiment, as a small-scale preliminary study, was set-
tled to determine the test materials and obtain normal reference
values; therefore, a series of 15 normosmic people with no previous
positive history of olfactory impairment or diseases altering olfaction
(such as diabetes, head traumas,!%!'sinonasal disorders,® brain degen-
erative diseases,!? efc.) were selected from among a normal popula-
tion.

Evaluation of Olfactory Thresholds. As the first step in the experiment,
olfactory thresholds of the participants were evaluated through a
three-odor series presentation; this series consisted of two distilled
water bottles (odorless) and a 0.25% phenyl ethyl alcohol bottle (the
least perceptible intensity of phenyl ethyl alcohol by normal peo-
ple).’3 Participants with normal olfactory thresholds were eligible to
enter the calibration step of the experiment as were all of the 15 pilot
experiment entrants.

Test Calibration. Several potentially acceptable odorants, all ar-
ranged in the three-odor series format, were pooled and presented to
the participants. Some were not familiar to them and some could
confuse them because of their similarity; therefore, through omission
of these odors, the following five odors were considered ideal for the
test: coffee, lemon, rosewater, thyme, and garlic.

Study Materials

The five selected odors were all provided in unlabeled identical
dark bottles in aqueous solutions at higher intensities than the normal
human olfactory threshold (suprathreshold test). All bottles contained
10 mL of odorants materials. Twenty discrimination test items were
made out of these five odors, each comprising of three odors; there-
fore, our 20-item test kit contained a total of 60 bottles. The purpose
of bottle arrangement was to put two identical odors in the same item
while the third was different; therefore, two series of the basic five
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Table 1 Contents of a 20-item test kit

Table 2 Test characteristics and reliability measurements

R, 1-6-2 L, 2-5-7 L, 3-8-2 R, 4-8-3 L, 5-9-4 Variables Definition Values
L, 5-10-3 L,1-4-6 R, 2-7-3 L, 3-1-8 R,2-1-7 Components
R, 5-6-1 L,4-9-1 L,2-5-10 R,5-1-10 R,3-8-5 No. of MS scores other TP 63
R, 4-2-9 L,3-6-1 R, 2-7-4 R,5-4-10 L,4-9-3 than 6 and 7
The different odors in each series are underlined. No. of AS scores other FP 31
L = left; R = right. than 6 and 7
No. of MS scores of 6 and 7 FN 7
No. of AS scores of 6 and 7 N 39
Equations
odors were needed for each item to select the identical odors (effec- Sensitivity TP/(TP + EN) 90.00%
tively, three basic odor series for 5 items, 12 series for a total of Specificity TN/(TN + EP) 55.71%
20-item test kit). Accordingly, for a single item, the two series of basic Positive predictive value TP/ (TP + FP) 67.02%
five odor bottles were numbered from 1 to 10; therefore, bottle num- Negative predictive value TN/(TN + FN) 84.78%

bers for the coffee odor were 1 and 6; lemon, 2 and 7; rosewater, 3 and
8; thyme, 4 and 9; and garlic, 5 and 10. On the other hand, each test
item was presented to a single nostril; therefore, 10 items were ran-
domly entitled as L (left) and the rest as R (right). Table 1 shows the
20-item test kit.

The participants had to determine the different odor in each series
by numbers according to bottle presentation sequence; e.g., in the
three-odor series of thyme-thyme—coffee (the L, 4-9-1 item), the right
answer would be number 3. Each odor was exposed at a 2-cm dis-
tance from the nostril and only for 3 seconds. A 30-second interitem
interval was also included to prevent olfactory exhaustion and adap-
tation. To avoid bottle content degeneration, the odors kits were
renewed each month.

Normal Reference Values

At optimum conditions, a participant could earn a total of 20 scores
from the odor discrimination test. The 15 pilot experiment partici-
pants again took the new test in its new format, and scored at least 15;
therefore, the lower normal limit for a discrimination test score was
set at 15. On the other hand, due to the 0.33 chance-level of the
three-choice test items, scores of six and seven were considered to be
at the test chance-level.

Odor Discrimination Tests and Simulations

The second phase of the study consisted of three components: the
odor discrimination test, the malingering simulation, and the anosmia
simulation.

1. Odor Discrimination Test, the Study Subject Selection. One hun-
dred candidates (none of whom attended the pilot study), aged
1845 years (to minimize the age-related decline in olfactory
function) and with higher education (university students or
graduates; possibly having enough intelligence to decipher the
test discipline) were recruited for this section. They were all
healthy normosmic individuals. These candidates undertook the
20-item odor discrimination test; those who scored at least 15
were considered to have a normal olfactory function and were
eligible to enter the simulations. Finally, 70 eligible participants
entered the study.

2. Malingering Simulation. Knowing the fact that the test had a 0.33
chance level and based on a 20-score scale, participants were
asked to intentionally limit their scores to 6 or 7 (the test chance
level). They were also notified to avoid a logical sequence in
their correct answers, which would unveil their intention to
skew the results; in other words, they were asked to randomly
answer correctly to one-third of the items. This was how the
intelligent enough malingerers would act and would not be
diagnosed as malingerers (false negatives) and the rest would be
diagnosed as malingerers (true positives). Accordingly, this sim-
ulation was to determine the participants’ capability of malin-
gering successfully.

486

MS = malingering simulation; AS = anosmia simulation; FN = false
negative; TP = true positive; FP = false positive; TN = true negative.

3. Anosmia Simulation.

No odor in this section was presented to the participants while they
were asked to randomly select the choices one, two or three for each
of the 20 items. This would simulate the way that anosmic patients
would select the provided choices while they did not really have the
ability to smell. The results of this simulation were supposed to be at
the test chance level (true negatives) whereas some would obtain
other scores (false positives).

Other Variables

All of the results throughout the study were recorded into provided
code sheets and, accordingly, the data were analyzed to determine
how effectively the test could determine the malingering patients.
Therfore, the test sensitivity, specificity, positive predictive value, and
negative predictive value were calculated. Patients were categorized
into three age groups according to their age distribution. Moreover,
the olfactory scores were compared in age groups, sex groups, and
nostril laterality.

Ethical Approval

The protocol of this study was approved by the Institutional Re-
view Board of the Tehran University of Medical Sciences. All aspects
of the study were conducted according to the Declaration of Helsinki.
All of the entrants were aware of the investigational nature of the
study and that they would not undergo any medical or surgical
intervention and that the confidentiality of their test results would be
maintained. They all agreed to participate by signing our printed
informed consent.

Statistical Methods

Table 2 depicts how the test sensitivity, specificity, and positive and
negative predictive values were measured. The sensitivity of the
Tehran University Odor Discrimination Test (TUODT) means the
percentage at which the test could correctly identify the malingerers;
and its specificity denotes the percentage at which the test could
identify the actually anosmic patients. Furthermore, the positive pre-
dictive value describes the probability at which a patient could really
be malingering and the test correctly recognized him/her as a malin-
gerer; whereas the negative predictive value represents the probabil-
ity at which the test could correctly identify a real case of anosmia as
anosmic.

On the other hand, the Kruskai-Wallis one-way analysis of variance
was used to statistically evaluate the correlation between age groups
and mean odor discrimination scores while the Mann-Whitney U test
was used to analyze the possible correlation between odor discrimi-
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Table 3 Mean odor discrimination test scores in patient groups

Table 4 Scores distribution in tests

Characteristics Mean Odor Discrimination Test Score Test Scores >7 Scoresof60or7 Scores <6
Gender Odor discrimination test 70 (100%) 0 0
Male 17.31 Anosmia malingering 54 (77%) 10 (14%) 6 (9%)
Female 16.88 simulation scores
Total 17.15 Real anosmia simulation 15 (21%) 39 (56%) 16 (23%)
Age scores
18-25 yr 17.5
26-33 yr 17.09
Over 33 yr 16.75 the problem are invaluable. Because the current olfactory evaluation
Nostril tests are based on subjective methods and no available objective test
Right 8.27 is yet qualified for olfactory evaluation, we used a subjective test to
Left 8.87 psychophysically detect patients” willingness to intentionally inter-

nation scores and patients” gender and nostril laterality. The data
were analyzed using SPSS Version 11.5 (SPSS, Inc., Chicago, IL).
Values of p = 0.05 were considered significant.

RESULTS

A total of 70 participants (25 male and 45 female subjects) with a
mean age of 29.1 * 3.5 years (range, 18-45 years) entered the simu-
lations. All of the participants were selected from among healthy
adults with higher education (medical university students or gradu-
ates) who had obtained scores of =15 through the odor discrimination
test.

Odor Discrimination Test Scores

Table 3 summarizes mean odor discrimination scores according to
patients” gender, age, and nostril laterality.

The mean odor discrimination test scores showed no significant
correlation with age (Kruskal-Wallis test, p = 0.368), participants’
gender, or nostril laterality (Mann-Whitney U test, p = 0.317 for both
variables).

Scores of Malingering and Anosmia Simulations

As outlined in Table 4, of the 10 individuals who had scored 6 or 7
in malingering simulation, two had relatively logical orders in their
answer sequences and one had a completely logical order to follow;
therefore, the total number of the individuals who were definitely
capable of malingering decreased to 7 (10% of total) who could all
restrict their scores to 6 and 7 without any obvious logical pattern.
Through the random selection of choices in the real anosmia simula-
tion, 31 (44%) individuals had scores higher than expected at the
study chance level.

Test Characteristics

According to Table 2, the 90% sensitivity of TUODT means that it
was capable of identifying up to 90% of the malingering individuals,
and its 55.71% specificity showed the capability of the test to identify
actually anosmic patients. On the other hand, the 67.02% positive
predictive value of the test represented the probability of malingering
when the test recognized it as so and its 84.78% negative predictive
value described the probability of actual anosmia when the test
diagnosed a patient as being so.

DISCUSSION

It is an important issue to reliably identify a patient’s problem for
its further treatment. Occasionally, the test results may be in contrast
with patients” gains and external incentives, so they may try to
exaggerate their symptoms or underreport the questioned factors in a
test,* which clearly alters the test reliability. In these cases, tests that
can possibly exempt patients’ intervention and objectively identify
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fere with the test results.

Odor familiarity is the most important factor on which odor-iden-
tification tests are dependent,* although a well-known odor in one
culture may not be quite as well-known in another, making it a
cultural phenomenon.'> The discriminative nature of our study makes
it a potential option for intercultural use because odor discrimination
tests do not need to know the name of the odors used, and what the
patients have to do is simply discriminate the one different odor
among the other identical ones.

The odor discrimination test was used as a tool to qualify the
participants who entered simulations, and the test could efficiently
identify the required normosmic people. We also analyzed the par-
ticipants” characteristics with the same test. In the literature, women
are reported to have a better olfactory function than men'¢-'%and the
left nostril is reported to outperform the right's; female subjects and
the left nostrils had higher scores than men and the right nostrils in
our study, but these findings did not reach the level of statistical
significance. The same was true for olfactory scores in different age
groups although there are reports of smell changes with aging.!19-23
The reason for the aforementioned findings might be that in the first
place, the patients were assessed with odors previously qualified to
be at a high contrast with each other in the pilot study and second, the
patients were selected among individuals who were too young to
have an age-related olfactory deficit.

Our study showed a 90% sensitivity to identify the malingerers;
although it is at an acceptable level, the test may lose its validity if the
participants have the ability to decipher its discipline. This is because
the test had a predetermined number of items (it is a 20-item test), and
what the participant needed to know for successful malingering was
the accurate number of test items to calculate the supposed scores at
the test chance level. Accordingly, the test length seems to be a key
factor causing bias’; for this purpose, blinding the number of test
items by using test series with different numbers of items can be a
solution that can definitely increase the test validity. On the other
hand, with a fixed number of test items, analyzing the randomness in
the sequence of responses® can signify the possible intention of the
patients to give wrong answers because we could identify three of our
participants who had logical orders in their response sequences. The
55.71% specificity of the test describes the relatively low potential of
the test to determine anosmic patients; we did not expect a higher
specificity for this test because this test was sensitive to intentionally
manipulated data.

Moreover, if we evaluate the logical pattern of false answers, the
malingered participant can better be compared with crude answers.
Therefore, it seems that crude answers should not be the only source
of data uses in final analysis of such tests, but logical patterns can be
revealed by evaluating the wrong answers and be very useful data in
test interpretations. Additionally, if the special software can find the
relationship of wrong answers, it can be useful information.

Although the future objective olfactory evaluation methods would
be the gold standard for identifying malingering patients, the TUODT
as a subjective psychophysical test could distinguish malingerers
from actually anosmic patients with an acceptable sensitivity.
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CONCLUSION

As a psychophysical olfactory evaluation test, the TUODT can
serve as a relatively competent method to diagnose malingerers of
anosmia. Additional larger-scale surveys are needed to confirm its
efficacy.
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